Abstract: To disclose the effects of chromium (Cr) on olfactory function, olfactory threshold tests were conducted on 27 male plating workers (Cr workers) with signs and symptoms of olfactory irritation but without nasal septum perforation or ulcer and on 34 male control subjects in Korean plating factories. The Cr workers had been exposed to Cr fume for 0.9 to 18.2 (mean 7.9) years; their blood Cr concentrations (0.16-3.69, mean 1.29 µg/dl) were significantly higher than those of the 34 control subjects (0.04-1.95, mean 0.55 µg/dl). Scores on recognition thresholds among the Cr workers were significantly higher than those of the control subjects (p<0.05) and related positively and significantly to the exposure periods of the 27 Cr workers (p<0.05). Olfactory thresholds were not significantly different between the Cr workers with and without nasal signs or symptoms, except that the scores on the recognition threshold were significantly higher in those experiencing difficulty with smell (p<0.05). It is suggested that olfactory threshold is affected by Cr without development of nasal septum perforation or ulceration.
Introduction
Health effects, such as septum perforation 1) , of chronic occupational exposure to chromium (Cr) have been reported since the 19th century. This change is almost painless, but with rhinitis and repeated nosebleeds, and usually diagnosed by rhinoscopy. Nasal septum perforation is still observed in Cr-exposed workers [2] [3] [4] [5] [6] , although Cr levels in work environments have been reduced by environmental control.
Other nasal symptoms such as nasal obstruction, rhinorrhea, or paranasal sinusitis have been reported in Cr-exposed workers 3, 4) . However, olfactory function (olfactory threshold to odor) has not been examined, except in the report of Watanabe and Fukuchi which demonstrated an increase in olfactory threshold in a group of Cr-exposed workers, half of whom showed nasal perforation 2) . In the present study, we conducted olfactory threshold tests on Cr workers without nasal perforation in Korea using two instruments, viz., T & T olfactometer 7) and Olfact Lab. Kit 1.1 8) .
Subjects and Methods

Subjects
The subjects examined were 27 workers (Cr workers), aged 21 to 48 (mean 32), who had worked at five Cr plating Industrial Health 2003, 41, 279-285 factories from 0.9 to 18.2 (mean 7.9) years in An-san, Korea. Three of the workers were engaged in waste administration and the remainder worked were in plating. At the time of the study, their blood Cr (BCr) concentrations ranged from 0.16 to 3.69 (mean 1.29) µg/dl, and their urinary Cr (UCr) concentrations ranged from 0.01 to 8.37 (mean 2.88) µg/g creatinine. Their tobacco consumption was 0 to 30 (mean 13) cigarettes/day, alcohol consumption was 0 to 476 (mean 89) ml ethanol/week, and education length ranged from 6 to 16 (mean 11) years.
The , respectively, which were lower than TLVs for these substances, i.e., 5 ppm (short term exposure limit), 50 ppm (TWA), 1 mg/m 3 (TWA) and 1.5 mg/m 3 (TWA), respectively 9) . Control subjects were 34 healthy male clerks working at the same factories, aged 19 to 53 (mean 33) years. Their BCr and UCr concentrations were 0.04-1.95 (mean 0.55) µg/dl and 0.01-10.18 (mean 2.26) µg/g creatinine, respectively. Their alcohol consumption was 0 to 545 (mean 68) ml ethanol/week, and their education length ranged from 6 to 16 (mean 12) years. Control subjects had not been exposed to any neurotoxic agents such as heavy metals or organic solvents.
BCr concentrations in control subjects were significantly lower than those in the Cr workers (p<0.05). UCr concentrations in all subjects were lower than biological exposure indices (BEI) of ACGIH, i.e., 30 µg/g creatinine 9) . Differences in age, tobacco and alcohol consumption between 27 Cr workers and 34 control subjects were not significant (p>0.05); however Cr workers had a significantly shorter length of education than control subjects (p<0.05). The percentage of Cr workers who had obstruction or adhesion of the olfactory cleft and complaints of dry nose, feeling of nasal obstruction and crusting were significantly higher than those of in the control subjects (Table 1) .
Routine clinical, hematological and biochemical examinations showed no abnormalities in the Cr workers or control subjects. They were instructed to refrain from drugs or alcohol from the day before the study (at least 12 hours prior to measurements). At the time of study, none of the Cr workers or control subjects had specific signs indicative of neurological disorders on neurological examinations.
Olfactometry
T&T Olfactometry: The T&T olfactometer test (Daiichi Yakuhin Sangyo, Tokyo) has routinely been administered to thousands of patients each year by otorhinolaryngologists in Japan and is the only olfactory test for which Japanese physicians receive insurance reimbursement 7) . The equipment consists of 40 bottles containing five odorants (8 bottles for each), each of which is diluted into either propylene glycol or Nujor oil in an eight log-step concentration series. The five odorants are β-phenyl ethyl alcohol, methyl cyclopentenolone, iso-valeric acid, γ-undecalactone and skatole. The odorants were presented in an ascending series of concentrations in a non-forced choice situation and the subjects sniffed the odorants from strips of blotter paper, which was dipped into the odorant solutions. The concentration in which each odorant is first noticed (but not recognized as specific type of odorant) is defined as the detection threshold; the concentration in which the type of odorant is identified is defined was as the recognition threshold.
Olfactory Perception Threshold Test (OPT test): Olfactory perception threshold to phenylethyl-methyl-ethyl carbinol (PM-carbinol) was assessed using standard olfactory kits (Olfacto-Lab No. 1.1, Chemical Abstract Service, California). This kit contains 36 squeeze bottles (100 ml): 18 serial dilutions of the odorant in white mineral oil and 18 blank bottles containing only mineral oil. Concentration of the odorant is decreased by quarter-logs, and odor level (score) is defined as 20 log 10 vapor concentration / reference concentration) 8) . Thus, if the vapor concentration is at the reference level, the bottle is labeled zero (0); a tenfold increase or decrease in concentration changes the scores ±20. The bottles are in 5 score increments, from -30 to +55 scores. Test administration was carried out using the forced choice method, according to the protocol proposed by Fortier et al. 10) . The olfactory perception threshold was attained when the subjects correctly identified the same dilution 3 times.
Nasal examination by rhinoscope
A certified Korean otorhinolaryngologist examined the subjects by rhinoscope and recorded nasal signs including rhinorrhea 11) , inflammation 12) , and obstruction 13) according to the checklist (Appendix 1-3) .
Questionnaire of nasal symptoms
Nasal symptoms, i.e., dry nose, runny nose, nasal obstruction, crusts, smell and taste were surveyed using questionnaires 2) (Appendix 4) translated into Korean.
Determination of BCr and UCr concentrations
For determination of BCr concentrations, whole blood samples were collected in heparinized vacutainer tubes (Becton Dickinson, USA). For measurement of UCr concentrations urine samples were collected in polyethlene bottles. BCr and UCr concentrations were determined by flameless atomic absorption spectrophotometery (Varian AAS 880, Varian, Australia) using the methods reported by Schermaier et al. 14) and Brodie and Routh 15) , respectively.
Statistical analysis
To analyze differences in the results of nasal examination and nasal symptoms on questionnaire between Cr workers and control subjects, the chi-square test was used. Oneway analysis of covariance was conducted to examine differences in the results of olfactometry between the Cr workers and control subjects with group (Cr workers vs. control subjects) as a factor and education length as a covariate, which was significantly different between the two groups; the two-way analysis of covariance was also conducted with existence (with vs. without) of a sign (rhinoscope) or symptom (questionnaires) as the second factor. Differences in the results of olfactometry between Cr workers with and without nasal signs or symptoms were examined by Student's t-test and the Wilcoxon rank sum test. Relationships of these test values to exposure indices (BCr, UCr and exposure length) were analyzed by multiple regression analysis, in which the exposure indices, age, education length, alcohol consumption, and tobacco consumption (total of 7 variables) were entered and removed at p<0.05 as predictors. All statistical analyses were performed by Version 10.0 of SPSS using a PC.
Results
Differences in T&T olfactometry and OPT test in 27 Cr workers and 34 control subjects are shown in the Table 2 . The score on recognition threshold in olfactometry in Cr workers was significantly higher than that in control subjects by the analysis of covariance with the group (Cr workers vs control subjects) as factors (one-way design). The difference between Cr workers and control subjects was also significant when the group and one of signs or symptoms were used as factors (two-way design); none of the signs or symptoms showed significant effect on the threshold (Table 2 ). Figure  1 illustrates the difference between the two groups.
In stepwise multiple regression analysis, only exposure length was significantly related to score on recognition threshold in the 27 Cr workers (score = 1.469 × exposure period -0.514, R = 0.430, p<0.05). Figure 2 illustrates the relationship between exposure length and score on the recognition threshold in the Cr workers.
Between Cr workers with and without nasal sign or symptom, the scores on olfactometries showed no significant Industrial Health 2003, 41, 279-285 difference for any of the signs and symptoms (p>0.05), except that the recognition threshold in 4 Cr workers experiencing difficulty with smell (average 2.1, range 0.8 -3.2) was significantly higher than that in 22 Cr workers without this symptom (average 0.9, range -0.8 -4.0) (p<0.05).
Discussion
A significant increase in the recognition threshold of T&T olfactometry was found in Cr workers with an average BCr concentration of 1.29 µg/dl. Exposure length was significantly related to the olfactory threshold in Cr workers, agreeing with a previous study by Watanabe and Fukuchi 2) , who reported that olfactory threshold was elevated as exposure period increased in chromate workers with exposure length of 1.5-33 years (mean was not reported). Percentages of Cr workers who had obstruction or adhesion of the olfactory cleft as well as complaints of dry nose, feeling of nasal obstruction and crusting were significantly higher than those in controls. In the two-way design of analysis of covariance, however, none of those signs or symptoms showed significant effects on the threshold, indicating that the difference in the threshold between the two groups was not related to nasal signs or symptoms. Furthermore, the recognition threshold was not significantly different between the subgroups of Cr workers with and without nasal signs and symptoms, except for the difficulty with smell. Thus, Cr increased the olfactory threshold independently of nasal signs or symptoms presented in this study, suggesting that disturbance in olfactory function is an early sign of Crpoisoning.
Ulceration and perforation of the nasal septum are caused by inhalation of chromic acid, a highly corrosive and toxic material 16, 17) . Lin et al. observed that the prevalence of nasal septum perforations was 35% in electroplating factory workers with an on average air Cr concentration of 0.0897 (range 0.0007-0.1683) mg/m 3 , and average UCr concentration of 11.9 (range 3.1-36.3) µg/g creatinine 5) . Kuo et al. demonstrated significant correlation between UCr and development of nasal septum perforations or ulcers in electroplating factory workers, whose prevalence of nasal septum perforations was 30.8%, at an average air Cr concentration of 0.0632 mg/m 3 6) . Watanabe and Fukuchi reported that 51.5 % of chromate workers had nasal septum perforation with an air Cr concentration of 20.17 mg/m 3 (UCr was not reported) 2) . By contrast, in the present study, none of the Cr workers showed nasal septum perforation or ulceration. This was probably due to the lower air Cr concentrations (0.0047-0.0589 mg/m 3 , mean 0.0228) and lower UCr concentrations (0.001-8.37 µg/g creatinine, mean 2.88) found in the present study than those in the previous studies.
In the present study, the recognition threshold was significantly increased whereas the detection threshold did not change, indicating a dissociation between the two thresholds. This dissociation was around 2.0 points on average (Fig. 2) , which is considered to be mild dissociation and is observed in patients with olfactory mucosa and/or nerve disorders 18) . Thus, as evidence has been given that Cr 6+ adversely affects the nervous system function such as motor activity 19) and neurobehavioral development 20) in experimental animals, the olfactory nerve itself might be a target of Cr. Alternatively, subclinical changes may have occurred in nasal mucosa without ulcer or perforation in the subjects, which could not be detected by usual clinical examination. Effects of exposure to toxins other than Cr should also be investigated in more detail. In addition, effects of Cr on the central nervous system such as inactivation of (Na + + K + )-ATPase 21) and decrease of the receptors 22) in brain, have been recently reported. Toxicity of Cr on the central nervous system should be examined further.
